o 

o 

"a 



CO 

a> 



(19) 



J 



Europaisches Patentaml 
European Patent Otflce 
Otfica europeen des brevets 



(12) 



(11) EP 0 937 710 A1 

EUROPEAN PATENT APPLICATION 



(43) Data of publication: 

25.08.1999 Bulletin 1995m 

(21) Application number: 99301004.0 

(22) Dateof filing: 11.02.1999 



(51) lntci>. C07C 327/32, C07C 231/02, 
C07C 303/28 



(84) Designated Contracting States: 


« Hamada, Takayukf, AJInomoto Co., Inc. 


AT BE CH CY DE DK ES Fl FR GB GR IE IT U LU 


Kawasakl-shi, Kanagawa-ken (JP) 


MC NL PT SE 


• Izawa, Kunlauke, AJInomoto Co., Inc. 


Designated Extension States: 


Kawasakl-shI, Kanagawra-ken (JP) 


AL LT LV MK RO SI 






(74) Representative: NIcholls, Kathryn Margaret etal 


(30) Priority: 16.02.1998 JP 3279198 


MEWSURN ELLIS 




York House 


(71) Applicant: AJInomoto Co., Inc. 


23 KIngsway 


Tokyo 104 (JP) 


London WC2B 6HP (GB) 


(72) Inventors: 




• Suzuki, Talcayuk^ Ajinomoto Co., Inc. 




Kewasaki-shI, Kaiiegewa-kerfe (JP) 





(54) Method for producing an optically active phenylpropionic acid derivative 



(57) Optically active N-{CS)-2-(acety!thiomathyl)- 
1-oxo-3-phenylpropyIl-glyclne esters derivatives of for- 
mula (lV)(wherein R** represents hydrogen, an option- 
ally substituted amino acid side chain or a piotected 
amino add chain: R2 represents and optionally substi- 
tuted linear of branched to 0^3 alkyi group, or an op- 
tionally substituted benzyl group; and * denotes an op- 
tionaDy active carbon atom) useful as enkephalin inhlb- 
itofy agents of ACE inhibitory agents can be produced 
at bw cost in an Industrial manner, by subjecting opti- 
cally active 2-hydroxymethyl-3-phenytpropionic acid 
and glycine esters to condensation, subsequently con- 
verting the hydroxy I group into an eBminatkxi group, and 



substituting the eliminatksn group with an acetylthro 
group. 




{IV) 



< 
o 

CQ 
CD 

O 

Q. 

LU 



PititBdby Jouve. 75001 PARIS <FR) 



# 

t r 




EP0 937 710 A1 

Doscrlptlon 

[0001] The present invention relates to a method for producing an optically active N-[2-(acetytthiomethyi)-1-oxo- 
3-phenylpropyQ-amino acid ester. The present invention is useful for producing optically active N*{2-(acetylthiomethyl)- 
5 1-oxo-3-phenylpropyl]-glycine benzyl ester. 

[0002] (S)-N-[2-(Acetylthiomelhyl)-1 -oxo-3-phenylpropyrigIycine benzyl ester which has an Inhibitory action against 
angiotensin converting enzyme is useful as a therapeutic agent for treatment of deteriorated cardiovascular systems, 
hypertension, cardiac function impairment and liver function impairment. 

Allematively, the (R) form thereof which has an mhibitory action on enkephalinase is useful as an analgesic, anticfi- 
10 arrheic, and antacid (JP-A-2-161 and JP-A-a-59606). Known methods for producing optically active N-{2-(acetylthi- 
omethyl)-1-oxo-3-pheny!pn:>pylI-glycine benzyl ester include a method comprising optically resolving racemic 
2-acetyithiomethyl-3-phenylpfopionic acid by using ephedrine and subjecting one of the resulting products to conden- 
satfon with glycine benzyl ester and N, Nl'-dicyclohexylcarbodiimide (JP-A-a^9606), According to that method, how- 
ever, the effficiertcy of the optical resolution of 2-acetylthiomethyl-3-phenylpfopionic acid with ephedrine is so tow that 
IS the method is not practical. Furthermore, the method is so prohlematfc in terms of the generation of such an enomious 
volume ol sulfur-containing wastes that the method cartnot be said to he industrially advantageous. 
[0003] It is an object of the present invention to provide a method for producing optically active N-[2-(acetyIthiome- 
thyl)-1-oxo-3-phenylpropyl]-amIno add ester, particularly optically active N-[2-(acetylthiomethyl)-1-o)co-3-phenylpro- 
py*]-9'ycrie benzyl ester, in an inexpensive manner whfch is suitable for industrial production. 
i ) 20 [0004] The inventors have found a method for producing N-(2-(acetylthiomethyO-1 -oxo-3-phenylpropyG-amino acid 
^ ester, comprising subjecting optically active 2-hydroxymelhyl-3-phenylpropionic acid and an amino acid ester to con- 

densation, converting the hydroxyl group into an elimination group, and substituting the elimination group with an 
acetylthio group. 

[0005] More specmcally. the invention relates to a method for producing optically active N42-(acetylthiomethyl)- 
2s i-oxo-3-phenylpropyll-amino acid ester represented by the general formula (IV); 




30 



3S 




(wherein represents hydrogen, an amino acid side chain or a protected amino acid side chain: represents an 
optionally substituted linear or branched C, to C, q alkyi group, or an optionally substituted benzyl group; and * denotes 
40 an optically active carbon atom), 
f comprising subjecting optically active 2-hydroxymethyl-3-phenylproptonic acid represented by the general formula (1); 



4S 



so 




OH (') 



o 



(wherein * denotes an optically active carbon atom) to reaction with an amino acid ester or a salt thereof to convert it 
into optically active N-[2-hydrcxymethyl-1-oxo-3-phenylpropyl]-aminoacid ester represented by the general formula 
(II); 
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(II) 



10 

(wherein H, and independently represent the san^e groups as described above; * denotes an optically active carbon 

ac^ting the hydroxyl group of the hydroxymethyl group at the 2-position to convert the compound of formula (M) into 
IS an optfcaily active N-acylamino acid ester represented by the general formula (Ml); 



20 



2S 



30 



35 




(wherein R, and Rg independently represent the same groups as described above; X represents chloride, bromide, 
iodide, a Bnear. branched or cyclic - Cg alkylsulfonyloxy group which may or may not have a substituent. or a - 

arylsultonyloxy group; and * denotes an optically active carbon atom), 
and further subjecting the resulting optically active N-acylamino acid ester to reaction with thioacetic acid in the pres- 
ence of a Ihioacetale salt or a base. 

[0006] The present inventbn is particularly useful for producing optfcally active N-I2-(acetyIthiomethyl)-1 -oxo-3-phe- 
nylpropyll-glycine benzyl ester. More specifically, the invention relates to a method for producing optically active N-[2- 
(acetylthiomethyD-1-oxo-3-phenylpropyI]-glycMie benzyl ester represented by the general formula (V); 



45 




Acs 



(V) 



(wherein Rg represents hydrogen; R4 represents a benzyl group; and ' denotes an optically active carbon atom), 
comprising subjecthg optically active 2-hydroxymethyl-3-phenylpropionic acid represented by the general formula (I); 



so 



ss 
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O 

(wherein * dencstes an optically active carbon atom) to reaction with glycine benzyl ester or a salt thereof to convert it 
into optically active N-[2-hydroxymethyi-1 -oxo-3-phenylpropyq-glycine benzyl ester represented by the generaJ formula 

(VI); 




(wherein R3 represents hydrogen; R4 represents benzyl group; and * denotes an optically active carbon atom), acti- 
vating the hydroxymethyl group at the 2-pasition by conversion of Che compound of forniLila VI into an opticaily active 
N-acylglycine benzyl ester represented by the general formula (VII); 




(vuherein X represents chloride, bromide, iodide, a linear, branched or cyclic • Cg alkytsuifonyloxy group which may 
or may not have a substituent, or a Cg - C|q arylsulfonyloxy group: B3 represents hydrogen; R4 represents a benzyl 
group; and * denotes an optically active carbton atom), 

and further subjecting the resulting N-acylglycine benzyl ester to reaction with thioacetic acid in the presence of a 
thioacetate salt or a base. 

[0007] Additionally, significant intermediates according to the method, namely the optically active N-[2-hydroxyme- 
thyl-1-oxo-3-phenyipropyl]-glycine benzyl ester represented by the general formula (VI) and the optically active N-acyl- 
glycine benzyl ester represented by the general formula (VII) are also encompassed within the scope of the present 
invention. 

[0008] The optically active 2-hydroxymethy!-3-phenylprop ionic acid (I) for use as a raw material in accordance with 
the invention, can he prepared by optically resolving racemic 2-hydroxymethyl-3-phenylpropionic acid by using an 
optically active amine such as (1R,2S)-W-cis-1-amino-2-indancl (JP97 -270680). 

[0009] The amino acid in the amino acid ester or salt thereof for use as the raw material in accordance with the 
invention includes glycine, phenylglycine, aJaninej glutamine. asparagine. valine, leucine, isoleucine^ proline, methio- 
nine, serine, threonine, phenylalanine, naphthylalanine, tyrosine, 3,4-dihydroxyphenylalanine tryptophan, histidine. 
glutamic acid; aspartic acid, lysine, and arginine. These amino acids may, optionally, have substituenls at the side 
chains thereof. Examples of substituent include C|-Ce alkyi groups. C^-Cg ailcos^ groups, halogen atoms and nitro 
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groups. Furthermore, any reactiva functional group within the side chains is preferably protected with a protective group 
suitable for use in peptide synthesis, for example an ester-type protective group such as a methyl ester, ethyl ester, 
or benzyl ester for carboocyl groups; an acyl group such as a formyl group, acetyl group, trifluoroacetyl group, benzoyl 
group, t-butyloxycarbonyl group or benzyloxycartjonyl group for amino groups; arxi an ether-type protective group such 

s as a benzyl ether or t-butyl ether or an ester-type protective group such as acetyl or benzoyl for hydioxyl groups. 
[0010] In the amirx> acid ester, the a-carboxyl group has been esterified as a prel^bary. Examples ot the ester 
include methyl ester, ethyl ester and benzyl ester. The ester may, optionally, have substituents. Examples of substituent 
include C^-Cq alkyi groups, C^-Cg alkoxy groups, halogen atoms and nitro groups. Because the a-carboxyl group of 
the amino acid in one embodiment of the final compound: namely N-{2-(acetyUhiomethyl)'1-oxo-3-phenylpropyO-gly' 

10 cine benzyl ester is a benzyl ester, the amino acid ester is preferably in the form of benzyl ester. The amino acid ester 
in the objective compounds may satisfactorily be deprotected in a conventional nr^nec 

[0011] The reaction of optically active 2-hydroxymethyl-3-phenylprop ionic acid (I) with an amino acid ester to convert 
the phenylpropionic acid (!) into optically active N-[2-hydroxymethyi-1-oxo-3-pheny!prc^yl]-amino acid ester (M) is pro- 
moted by use of a condensation process for use in general peptide synthesis. 
IS [0012] More specifically, optically active 2-hydroxymethy^3-pheny!propioniG acid (I) is subjected to reactbn with an 
ammo add ester in the presence of a condensation agent in a solvent 

[0013] Suitable condensation agems for use in the reaction include N, N'-dicyclohexylcarboditmide. a water-soluble 
carbodilmide, carbonyldnmldazole, and diphenylk>hosphoiyi azide. Glycine ber^zyl ester or other amino acid ester may 
be used In the free form or in the form of a salt with hydrochloric acid, sulfunc acid, p-tduenesutfonic add, methanesul- 
so fonic acid and the like. Use may be made of soh/ents such as hydrocarbon halides such as dichloromethane and 
chloroform; ethers such as tetrahydrofunan and methyl tert-butyl ether; acetate esters such as ethyl acetate and iso- 
propyl acetate; nitriles such as acetonitrile; aromatic hydrocarbons such as toluene and xylene; dimethyiformamide 
and dimethylsulfoxide. 

[0014] Additionally, bases such as triethylamine. pyridine. N-methylmorphoIlne, and 4-dimethylaminopyridlne may 
2S optionally be present concurrently In the reaction system. StPI further, additives such as N-hydroxysuccinimide and 
l-hydroxyhenzotriazole may also bs used. 

[0015] The conversion of optically active N-[2-hydroxymethyl-1-oxo-3-phenylpropy II -amino acid ester (II) into opti- 
cally active M-acylamino acid ester (III) by activating the hyc^oxyl group of the hydroxymethyl group at the 2-positlon 
of the amino acid ester (11) can be promoted by aOcylsuIfonation, arylsulfonation or halogenation or the like tor general 

30 use in the activation of hydroxyl group. 

[0016] The hydroocyl group may be alkylsulfonated or arylsulfonated by the^actbn of a sulfonation agent in the pres- 
ence of a base. Examples of the sulfonalion agent include methanesulfonyl chksride, p-toluenesulfonyl chloride, ben- 
zenesulfonyl chloride, p-nitrobenzenesuHonyl chloride, and trifluoromethanesuHonyl chkmde. Examples of the base 
include triethylamine, pyridine, 4-dtmethylaminopyridine. and N-methylmorpholine. 

^ [001 7} The hydroxyl group may be halogenated via the actbn of hak>genating agents such as thionyl chloride, phos- 
phorus trichbride, phosphorus pentachtorfde. phosphorus oxychloride, and phosphorus tnl:>romkle or via the actksn of 
hak>genating agents, in the presence of triphenylphosphine, such as N-chlorosucctnimide, N-bromosuccinimkis, bro- 
rnide, carbon tetrachloride and cariaon tetrabromWe. Alternatively, the hatogenation cS the hydroxyl group comprises 
alkytsulfonating, arylsulfonating or hateformylating the hydroxyl group, and subsequently subjecting the resulting hal- 

40 ogenated hydroxyl group to reaction with lithium chiorkie. lithium bromide, sodium bromide, potassium bromide, mag- 
nesium bromide, tetra-(n-butyf)amnrK>nium bromide or sodium iodide. 

[0018] The optically active 2-hydroxymethy!-3-phenylproplonlc acid (I) can be converted into optically active N- 
acylamino ackJ ester (111) at one step, by subjecting the 2-hydroxymethyl-3-phenylpropionic acid (I) to reaction with 
thionyl chbride or thionyl bromide or the like to convert the carboxyl group into an acid chloride and concurrently 
^ preparing the hydroxyl group into an elimination group such as halogen or sulfinyloxychloride group and subjecting 
the elimination group to reaction with amino acid ester. 

[001 9] The optically active N-acyl-amino acid ester (III) can be convert ed Into optk^ally active N-[2-(acetylthiomethyl)- 
1-oxo-3-phenylpropyl]-amino acid ester (IV). by subjecting the optically active N-acylamino acid ester (III) to reactkxi 
with a thioacetate salt or reactkxi with thioacetic acid in the presence of a base. The thioacetale salt includes potassium 
50 thioacetate. sodium thioacetate, lithium thksacatate, and cesium thk>acetate. 

[0020] For the aforementioned reaction, any inorganic base or organic base may be used together with thioacetic 
acid; examples of inorganic base include sodium hydroxkle, potassium hydroxtie, sodium carbonate, potassium car- 
bonate, and cesium carbonate; and examples of organic base include triethylamine, pyrkfine, N-methylrhorpholine. 
and dtisopropyleihyiamine. 

ss [0021] For the reaction, the thwaoelk: add salt, thtoacetic acid and base may suitably be used at 1 .0 to 4.0 equiva- 
lonts. preferably 1.0 to 2.0 equivalents. Suitable solvents includes hydrocarbon halides such as didibromethane and 
chlorofonm; ethers such as tstrahydrofuran and methyl tert-butyl ether; ketones such as acetone and 4-methyl-2-pen- 
tanone; acetate esters such as ethyl acetate and isopropyl acetate; nitriles such as acetonitrile; aromatic hydrocarbons 
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such as toluene and xylene; and dimethylfornnamide and dimethylsulfoMde. The reaction temperature is suitably be- 
tween 0 emd lOCC, preferably 20 to 60 "C. 

[0022] The objective compound can be isolated, by removing impurities via procedures such as extraction after 
completion of the reaction and depositing the crystal in an appropriate solvent. Then, procedures for example colunrvi 
chromatography may also be conducted. 

[0023] When amino acid side chains are protected. generaOy, deprotection is conducted finally by a general proce- 
dure. Thus, the objective compound can be obtain ed. 

[0024] The present invention will now be described ri more detail wfth reference to examples and reference exam- 
ples, but the invention is not limited to these examples. 

Reference Example 1 

Synthesis of 3-hydroxy-2-methylene-3-phenylpropionate methyl ester 

[0025] A mixture of benzaidehyds (63.67 g: 600 rrvnol), methyl acrylate (60 ml; 667 mmol) and 1 .4-cfiazabicyclo 
[2.2.2]octane (13.46 g; 120 mnru>l) was stirred at ambient temperature for 119 hours. To the reaction solution were 
added water (60 ml). 37 % hydrochloric acid (60 ml) and ethyl acetate(120 ml), and then, the organic phase was 
extracted. The resulting organic phase was washed twice with saturated saline (60 ml), dried over anhydrous sodium 
sulfate and fiKered. followed by concentration under reduced pressure, to give a crude product of the title compound 
at a yield of 108.8 g. ^H-NMR (CDCIg) d: 3.12 (1H. s), 3.69 (3H. s). 5.55 (1H,s), 5,83 (IH.s), 6.33 (1 H.s). 7.29-7.37 
(5H, m). 

Reference Example 2 

Synthesis of 2-benzylidene-3-acetCKypropionat6 methyl ester. 

[0026] The product (108.8 g) in Reference Example 1, namely 3-hydroxy-2-methyl6ne-3-phenylpropionate methyl 
ester, was dissolved in acetic anhydride (113 ml; 1.20 mol), fallowed t^y addition of suHuric acid (0.2 ml), and the 
resulting mixture was stirred at 1 00 °C for 4 hours. The reaction solution was concentrated under reduced pressure, 
to give a crude product of the title compound at a yield of 1 43.9 g. ^H-NMB analysis revealed that the compound was 
a mixture of the E form and the Z form at a ratb of 87:1 3. 
Eform 

1H-NMR(CDCI3) d: 2.09(3H, s), 3.82(3H. s), 4.9S(2H. s). 7.35-7.45(5H, m), 7.98(1 H. s). 
Reference Example 3 

Synthesis o1 2-ben2yli dene -3-hydroxyprop ion ic acid: 

[0027] The product (1 43.9 g) in Reference Example 2, namely 2-benzylidenB-3-acetoxypropionate methyl ester, was 
dissolved in methanol (400 ml), followed by addition of an aqueous solution of sodium hydroxide (96.0 g; 2.40 mol; 
purity of 97 %) in water (BOO ml). The resulting mixture was stirred at ambient lemperature for 90 minutes. The reaction 
solution was concentrated under reduced pressure to distill off methanol, followed by addition of water (100 ml) and 
36 % hydrochloric acid (250 ml) for adjusting the resulting mixture to neutrality and subsequent extraction into ethyl 
acetate (600 ml). The resulting organic phase was washed with saturated saline (300 ml). After filtering off insoluble 
matters, the resulting solution was concentrated under reduced pressure. To the resulting residue was added toluene 
(250ml X 4). and the mixture was concentrated under reduced pressure to remove acetic acid to give a crude product 
of the title compound (107.8 g). 
Eform 

iH-NMR (CDCI3) d: 4.53(2H, s), 7.40-7.55(5H, m). 7.97(1 H, s). 
MS (ESI) 
177.0 ((M-H)-). 

Reference Example 4 

Synthesis 0I 2-hydroxymethyl-3-phenylpropionic acidt 

[0028] The product (1 07.8 g) in Reference Example 3, namely 2-benzylidene-3-hydroxypropionic acid, was dissolved 
in methanol (500 ml), followed by addition of triethylamine (1 00 ml: 717 mmol) and 5 % palladium -cartoon (5.00 g; water 
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content of 52.7 %) for catalytic reduction in hydrogen atmosphere for 50 hours. The reaction solution was filtered 
through Celite. to remove the palladium-carbon. The resulting filtrate was subjected to HPLC analysis, indicating that 
the filtrate contained the title compound (71 .0 g; 394 nvnol) (at a yield of 65.7 % (on a benzaldehyde basis)). The filtrate 
was concentrated under reduced pressure, and the resulting residue was dissolved in ethyl acetate (6O0 ml), followed 

5 by addrtbn of water (600 mi) and 37 % hydrochloric acid (150 ml) and sulasequent agitation, to extfa.ct the resulting 
organic phase. The organic phase was washed with an aqueous mixture solution of water (240 ml) and 37 % hydro- 
chloric acid and then with saturated saline (300 ml), and dried over anhydrous sodium sulfate. By filtering of! the 
resulting dried rretter, the solution was concentrated under reduced pressure, to give a crude product of the title com- 
pound. The crude product was dissolved in ethyl acetate (150 ml), followed by addition of hexane (450 ml), and the 

10 resulting mixture was gradually cooled from 60 •C to 5 'C, to precipitate ciystal, which was then filtered and dried to 
recover the title compound (48.45 g at a purity of 9S.5 %; 295.5 mmol). 
IH-NMR (CDCy d: 2.83-2.94(2H. m), 3.09 (1 H. m). 3.70-a83(2H, m), 7.20-7.33(5H, m). 

Reference Example 5 

IS 

Synthesis o1 (S)-2-hydraxymethyl-3-pherYylproptonic acid: 

£0029] To (RS)-2-hydroxymethyl-3-phenylpropIonlc acid (500.0 mg; 2.775 mmol) was added (1 R, 2S)-(+)-cls-1 -ami' 
no-2-indanol (31 1 mg; 2.085 mmol), followed by addition of 2-propanol (8 ml). While heating the mixture to 70 'C under 
1 j so stirring, the resulting mixture was dissolved therein, followed by gradual cooling. Finally, crystal was precipitated under 
cooling in an ice bath. The precipitated crystal was filtered under aspiration, washed with a small volume of 2-propanol, 
and dried under reduced pressure, to give the salt of(S)-2-hydrQxymethyl-3-phenylpropionic acid ■ (1R»2S)-(+)-cis- 
1-amino-2-indanol (361 .1 mg: 79.0 % as the yield on the salt basis; optical purity of 95.0 % ee). The resulting salt was 
recrystallized in 2-proparxDl. to give the salt of (S)-2-hydroxymethyl-3-phenylproplonic acid • (1R.2S)-(+)-cis-1-amino- 
£S 2-indanol at 100 % ee (92 %). The double decomposition of the resulting seUt with hydrochloric acid and extraction into 
ethyl acetate afforded (S)-2-hydroxymethyl-3-phenylpropionic acid (yield of 95 %). 

Example 1 

30 Synthesis of N-[(S)'2-hydroxymethyl-1 -oxo-3-phenylpropyl]-giycine benzyl ester • 

[0030] (S)-2-Hydroxymethyt-3-phanylipropionic acid (9.00 g; purity of 98.5 %: 49.22 mmol) and glycine benzyl ester 
• p-toluene sulfonic acid salt were suspended in tetrahydrofuian (90 ml), followed by addition oftrielhylamlne (7.55 ml; 
54.17 mmol) and 2-hydroxybenzotriazole • monohydrate (7.32 g; 54.17 mmol), and the resulting mixture was cooled 

3S down to 3 "C. To the solution was dropwlse added a solution of dicyclohexylcarbodiimide (11.17 g; 54.14 mol) in 
tetrahydrofuran (22 ml) over 15 minutes while the solution was kept at 3 to 4 "C, for subsequent reaction at 3 to 4 
for one hour. After elevating the tempeiature to ambient temperature, the reaction further progressed for IS hours. 
After the precipitated dicyctohexylurea was filtered off, the resulting solution was concentrated under reduced pressure. 
Then, the resulting residue was dissolved in toluene (1 00 ml) and ethyl acetate (1 50 ml), followed by addition of 1 mol/ 

4o liter hydrochloric acid (200 ml). The resulting mixture was stirred for one hour After the generated solid was filtered 
•f and washed with ethyl acetate (50 ml), the organic phase was separated. The resulting organic phase was sequentially 

washed with 1 mol/liter hydrochloric acid (60 mol). an aqueous saturated sodium hydrogen carbonate solut]on(sequen- 
tially in 150 ml and 50 ml) and saturate saline (1 00 ml) and then dried over anhydrous sodium sulfate. After the sodium 
sulfate was filter off, the organic phase was concentrated to give a crude product of the title compound. The HPLC 

4S analysis revealed that the organic phase contained the title compound at 1 5.86 g (48.44 mmol) (reaction yield of 96.4 
%; optical purity > 99 % ee). 
m.p.: 62 *C 

iH-NMR(COCl3) d:Z65(H, ms).Z7B(1H,dd).3.01(1H.dd). 3.70-a80(2H.m). 3,87(1 H.dd), 
4. 17(1 H.dd),5.1 4(1 H,d),5.1 9(1 H.d). 5.1 8(1 Kbr.t), 7.1 8-7.41 (10H,m). 
so MS (ESI) 

328.3 (MH+) 

[a]D -52.5« 0 1.00, MeOH, 25 '^C) 
Example 2 

55 

Synthesis of N-[(S)-2-methanesulfonylcocymethyl-1-axo-3-phenylpropylI-gfycine benzyl ester 

[0031] The product in Example 1 , namely N-[(S)-2-hydroxymethyl-1 -oxo-3-phenylpropyI]-glycine benzyl ester (1 5.86 
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g; 48.44 mmol) was dissolved in toluana (100 mljfeuid pyridine (15.7 ml; 194.1 mmol), followed by additton of meth- 
anesulfonyl chloride (9.37 ml; 121 .1 mmd). and lha resulting mixture was stirred al ambient temperature for 17 hours. 
To the reaction solution vwas added 1 mol/liter hydrochloric acid (150 ml), and the resulting mixture was stirred for 30 
minutes. Then, the mixture was subjected to phase separation, and to the resulting organic phase was added an 

5 aqueous saturated sodium hydrogen carbonate solution ( 1 00 ml). The mixture was then stirred for 30 minutes, followed 
by phase separalioa The resulting organic phase was further washed with saturated saline (1 00 ml), for HPLC analysis, 
which indicated that the organic phase contained the title compound al a yield of 1 9.33 g(47.67 mmol; reaction yield 
of 98.4 %). The organic phase was concentrated, and by subsequently adding toluene (2S0 ml)to the resulting residue, 
the residue was dissolved under heating. After filtering off insoluble matters, hexane (1 00 ml) was added to the resulting 

10 solution, followed by heating to 55 for dissolving the residue. By gradually cooling the resulting solution to 5 Ihe 
precipitated crystal was obtained by filtration and washed with toluene/hexane (=1/1; 60 ml in total), to give the title 
compound (17.99 g) (yield after crystal isolatbn = 91 .6 %). 
ni p * S3 *C 

iH-NMR(CDCy d:2.75-2.98C3H,ms).3.9B(3H.s),3.a9(lHdd). 4.l0(lH.dd).4.28(lH,dd),4.39(1 H,dd),5.15(2H,s).5.97 
IS (lH,br .1), 7.15-7. 40{10H.m). 
MS (ESI) 
306.3 (MH+) 

[a]D -33.3* © 1 .04, MeOH, 25 °C) 



) Example 3 

Synthesis ol N-[(S)-2-bromomelhyl-1-oxo-3i3henyIpropyq-glycine benzyl ester 

[0032] The product in Example 2. namely N-[(S)-2'methanesuironytoxymethyl-1 -oxo-3-phenylpropyll-glyche benzyl 
2S ester (16.95 g;42,0 mmol), was dissolved in acetone (120 ml), followed by addition of lithium bromide (7.30 mg; 84.0 
mmol) tor heating under reflux for 24 hours. After the completion of the reaction, the solvent was distilled off. and ethyl 
acetate (120 ml) and water (50 ml) were added. The organic layer was separated and then dried over anhydrous 
magnesium sulfate. After magnesium sulfate was filtered off, the resulting matter was concentrated, to give a crude 
product of the title compound. HPLC analysis revealed that the title compound was contained in the product al a yield 
so of 16.07 g (41.17 mmoO (reactfon yield ol 98.0 %). 
lap.: 95 "C 

1H-NMR(CDCI3) d:2.80-3.02(3Km),3.41(1H,dd).a61(lH.dd), 3.95(1 H.dd).4.1 0(1 H.dd).ai6(2H.B).5.92(lH.br.t), 
7.1 5-7.38(1 OH,m). 
MS (ESI) 
3S 390 (MH-f.) 

[a]D -33.a- O 1.00, MeOH, 25 "C) 
« 

Example 4 

4o Symhesis of N-[(S)-2-acetylthldmethyl-1 -oxo-3-phenylpropyl]-glycine benzyl ester 

[0033] The product in Example 3, namely N-{(S)-2-bromomethyl-1 •<5XO-3-phenytpropyO-glyclne benzyl ester (834.5 
mg;2.1 4 mmol): was dissolved in methyl isobutyl ether (4 ml), followed by addition of potassium thioacetate (256.8 mg; 
2.57 mmol) and stining at 50 °C for 3.5 hours. After the completion of the reaction, the organic phase was extracted 

45 into ethyl acetate (30 ml) and water (5 ml), and was then washed with an aqueous saturated sodium hydrogen carisonate 
solution (5 ml) and saturated saline (5 ml).followed by addition of active charcoal (2 mg) and stirring at ambient tem- 
perature for 20 minutes. The resulting matter was dried over anhydrous magnesium sulfate. After the active charcoal 
and magnesium sulfate were filtered off, the resulting matter was concentrated, to give a crude product of the title 
compound (842.3 mg). By adding methyl t-butyl ether (4.2 ml) to the resulting crude product and cooling the mixture 

so from ambient temperature to 0 "C under stlning. crystal was precipitated. The precipitated crystal was filtered and 
washed with methyl l-bulyl ether (1 ml), to give the title compound (416.4 mg: yield of 50 % after crystal isolation; 
optical purity > 99 % ee). 
m.p.: 59-60 "C 

1H-NMR(CDCI3) d:2.31{3H.s). 2.62-Z67(3H.m). 2.62-2.67 (3H.m). 2.87-3.07(2H.dd). 3.08-3.11 (IH.dd), 3.85(1H,dd), 
55 4.07(1H.dd). 5.13(2H.s). 5.83 (1H,br.t.). 7.1 4-7.39(1 OKm). 

MS (ESI) 
386.2 (MH+) 

(a)D +23.0* © 1.00. MeOH. 25 *C) 
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Exampia 5 

Synthesis o1 NI-[(S)-2-acetylthiomethyl-1-oxo-3-pheny (propyl] -glycine benzyl ester 

{0QZ4] Potassium thioacetate (386 mg; 3.31 mol) was suspended In methyl isobutyl ether (6 ml), followed by dropwise 
additbn of a solution of N-[(S)-2-methanesulfonyloxymethyl-1-oxo-3-phenyIprDpyn-giyclne benzyl ester (812.9 mg; 
2.01 mmol) h methyl isobutyJ ether (11 ml), and the resulting mixture was stirred at ambient temperature for 3 hours. 
After the completion of the reaction, an aqueous saturated sodium hydrogen carbonate solution (20 ml) was added to 
the resuming matter, and then, the organic phase was extracted, washed with saturated saline (20 ml) and dried over 
magnesium sulfate. After filtenng off magnesium sulfate, the resulting maner was concentrated. Subsequently, the 
resulting residue was purified by silica gel chron^tography, to recover the title compound of 742.7 nrig(at a yield of 97 %). 

Exampia 6 

Synthesis of N-{(S)-2-(p-toluanesutfonyl)methyt-1-oxo-3~phanylpropyl]-giycine benzyl aster 

[0035] 327.4 mg of N-[(S)-2-hydroxymelhyH-oxo-3-phenyIpropyll-glycine benzyl ester (1.G mmol). was dissolved 
In dichloromethane (5 ml), followed by addition of pyridine (0.18 ml; 2.2 mmol) and p-toluenesulfonyl chloride (381.3 
mg; 2.0 mmol) lor stirring at ambient temperature for 4 days. The sotverit was distilled oti, and the resulting matter was 
subjected to silica gel chromatography with an ethyl acetate-hexane solution, to give the title compound at a yield of 
373.1 mg (0.77 mmol) (yield of 77.S %). 

1H-NMR(CDCI3) d:2.42(3H,s). 2,73-2, 87(3H,m). 3.90-3.94(2H.m). 4.05-4.21 (2H.m), 5.14(2H,s). 6.05(1 Kbr.L), 
7.1 5-7.74(1 4H.m). 
MS (ESI) 
481.5 (MH+) 

Example 7 

Synthesis of rsK(S)-2-(p-nitrobenzenesulfonyl)methyl-1-oxo-3-phenylpropyil-glycine benzyl ester 

[0036] 327.4 mg of N-t(S)-2-hydroxymethyl-1-oxo-3-phenylpropyll-glycino benzyl ester (1.0 mmol). was dissolved 
in dichloromethane (5 ml), followed by additbn of pyridine (0.24 ml; 3.0 mmol) and p-toluenesulfonyl chloride (738.8 
mg; 3.0 mmol) for stirring at ambient temperature tor 20 hours. The solvent was distilled off, and the resulting mauer 
was purified by silica gel chromatography with an ethyl acetate-hexane solution, to give the xMe compound of 331.6 
mg (0.65 mmol) (yield of 65.0 7o). 

iH-NMR(CDC/3) cl:2.73-2.a8(3H.m),3.84<1H,dd).4.O3-(1H.dd),4.20{1H.dd),4.31(1Kdd),5.15(2H,s), 5.g2(1H. br.L). 
7.08-7.40 (lOKm). 8.02-8.06(1 0H.m). 8.31 -8.35(1 OH, m). 
MS (ESI) 
513.1 (MH+) 

Example B 

Synthesis o1 N-((S)-2-acatylthiomathyl-1-oxo-3-phenylpropyi]-glycine benzyl aster 

[0037] 157.3 mg of N-[(S)-2-(p-nltrobenzene 6ulfonyl)methyl-1-oxo-3-phenylpropyl]-glycina benzyl ester (0.31 
mmol), was dissolved in methyl isobutyl ether (1 ml), followed by addition of potassium thiolacetate(70.0 mg; 0.61 
mmol) for stirring at ambient temperature for 5 hours. After the completion of the reaction, ethyl acetate (20 ml) and 
an aqueous saturated sodium hydrogen carbonate solution (5 ml) were acteled to the reaction solution. The organic 
layer was separated: and was then dried over magnesium sulfate. After filtering off magnesium sulfate, the resulting 
matter was concentrated, to give the title compound (104.1 mg; 0.27 mmol; yield of 88.0 %). 

[0038] As has been described above, In accorctence with the present invention, optically active N-[(S)-2-acetyIthi- 
omethyl-1 -oxo-3-phenylpropyl]-glycine benzyl ester and related amino acid derivatives can be produced at low cost in 
an industrial manner. 



Claims 

1 . A method for producing optically active N-(2-(acetytthiomethyl)-1 -oxo-3-phenylpropyl|-amrio acid ester represent- 



ed by tho ganeral formula (IV); 



5 



10 



(Wherein Ri represents hydrogen, an optionally substituted amino acid side chain or a protected amino acid side 
chain; represents an optionally substituted linear or branched to C^o alky! group, or an optionally substituted 
IS benzyl group; and * denotes an optically acliva carbon atom), 

comprising subjecting optically act h/e 2-hydra)cymethyl-3-phenylpropionicacid rep resented by the general fonmula 

(I): 




2S 




O 



30 

(Wherein * denotes an optically active carbon atom) to reaction with an amino acid ester or a salt thereof to convert 
it into optically active N-[2-hydfaxymethyl-1-<»co-3i3hanylpropyl]-aminoacid ester represented by the general for- 
mula (II); 

3S 



40 




4* ■ ■ 

(Wherein and Rg independently represent the same groups as described above; and * denotes an optically 
active carbon alom). 

activating the hydroxyl group of the hydroxymethyl group at the 2-posftion for conversion of the compound of 
formula (II) Into optically active N-acylamino acid ester represented by the general formula (III); 

so 
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(wherein and Rg independently represent the same groups as described above; X represents chloride, bromide, 
Iodide, a linear, branched or cyclic - Cg alkylsuffonyloxy group which may or may not have a substituent, or a 
• Ce - arylsuhonytoxy group; and * denotes an optically active carbon atom), 
and further subjecting the resulting optically active N-acylamino acid ester to reaction with a thtoacetata salt or 
with thioacatic acid in the presence of a base. 

Z A method according to claim 1 , for producing optically active N-[2-(acelylthiomethyl)-1 -oxo-3-phenylpiopyl]-glycine 
benzyl ester, wherein the amino add ester or salt thereof Is glycine benzyl ester or a salt thereof. 

3. A method according to claim 1 or 2, wherein the optically active carbon atom is in the configuration S. 

4. A method according to claim 1 or ^wherein the optically active carbon atom is m the configuration R. 

5. Optically active N-{2-hydroxymethyl-1 -axo-3-phenylpropylJ-amlno acid ester represented by the general formula 
(11): 




wherein and are as defined in claim 1 and denotes an optically active carbon atom. 
6. Optically active N-acylamino acid ester represented by the general formula 111: 




wherein R-,, R2 and X are as defined in clavn 1 arKi * denotes an optically active carbon atom. 

7, Optically active N-[2-hydroxymethyl-1 -oxo-S-phenylpropylJ-glycine benzyl esler represented by the general formu- 
la (VI): 



11 



10 



IS 
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2S 
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O 



(wherein represents hydrogen; represents a benzyl group: and ' denotes an optically active cart»n atom). 
& Optically active N-acyl-glyche benzyl ester represented by the formula (VII): 




(VII) 



(therein X represents chloride, bremide. iodide, a linear, branched or cyclic C, - ^l^VteulfonylcBcy groupj^W^^ 
Ly or may not have a suhstituent. or a - C,a arybulfonyioxy g«up: Rg represents hydrogen; R» represents 
benzyl group; and * repfesents optically acfwe carbon atom). 

30 9. An opticalty active compound according to any one ol claims S to 8. wherein the optically active carbon atom is In 
the configuration S. 

10. An optically active compound according to any one of claims 5 to 8.wherein the optically active carbon atom is in 
the configuration R. 

1 1. A method according to any one of cblms 1 to 4 wherein conversion of the compound of lomKila (1) hto a com^nd 
• oi formula (111) is achieved by reaction of the compound of formula (I) with an amno acid ester or salt thereof in 
■ p^enS ol a halogenatlng agent capable of replacing hydmxyl groups by halogen atoms, and of converting 

carboxylic acid groups to acid lialides. 

12. Amethodlorproducingoptically active N-[2-(acety!thiorT^thyl).1-oxo-3.phenylpropya-^^^^ ^^!rJnm°T"S 
av) as ^et o« Ih Claim 1 comprising subjecting the opticalV active N^cylamino acid ester ot formula (III) as set 
out in claim 1 to reaction with a thioacetata salt or with thioacelic acid in tiieprasenca of a haso. 



45 



SO 



SS 



12 



BP 0 937 710 Al 



European Patent 
Offlca 



EUROPEAN SEARCH REPORT 



Ap^Gcailon NumiMr 

EP 99 30 1004 



DOCUMENTS CONSIDERED TO BE RELEVANT 



COation offilocwnent with indcaGon. where afipropnatc. 
ot retevaini passages 



B.R. NEUSTADT, ET AL.: "Hercaptoacyl 
amino acid inhibitors of atrloprptidase. 
I. Structure- activity relationship 
studies of methionine and S-all^yl cysteine 
derivatives" 

JOURNAL OF MEDICINAL CHEMISTRY, 
vol. 37, no. 15, 22 July 1994. pages 
2461-2476. XP002019772 
Washington, DC, US 

* scheme 3; table 1 * 

P. DEPREZ, ET AL.: "Thiol inhibitors of 
endothel In-converting enz>Tne" 
BICORGANIC i MEDICINAL CHEMISTRY LETTERS, 
vol. 6. no. 19, 8 October 1996, pages 
2317-2322, XP004135830 
Oxford, GB 

* scheme; compound 8 *■ 

PR 2 744 446 A (BIOPROJET) 8 August 1997 

* examples 3,4 * 

H. NAKANO. ET AL, : "Synthesis of renin 

inhibitors containing a sulphonyl methylene 

isostere at their N-termlnals' 

CHEMISTRY LETTERS, 

no. 4, April 1990, pages SQ5-508, 

XP002104083 

Tokyo, JP 

* compounds 7a,12a»13a,14a,14b * 



The presenc search report has been drawn up for all daims 



THE HAGUE- 



Oau of coRifMan o! ihs nsich 

28 May 1999 



Retevunt 
to claim 



CLASSIFICATION OF THE 
APPUCATKWI <»nLCI.6) 



C07C327/32 
C07C231/02 
C07C303/28 



t^kniCal fields 

SEARCHED 0nt.CM) 



C07C 



English. R 



CATEGORY CF CTTEO DOCUMENTS 

X : sailicuterv relavant K taton a(oft» 

y : DoriieularV ralavanl if corhbned wftn another 

documftin oriM aaim caiogoiy 
A : loehMtoQieal bafdcflieand 

O : iwn-wrloen a — " 

P:fc 



T : ineoiy or pnncifM» unawl^na ihv trvanton 
E : eadi«r palontdoamMTt but pubOarMd on. or 

aftarlho ning <iat9 
D : dccumem dted tn tha qppitcstJon 
L : ooeuimm died for oinar rvaaono 

&": meinber of Ihs » 



B potent ftuidy, eonecpondriQ 



13 



EP0 937 710 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



£P 99 30 1004 



TTiis annex lists the patent family rnembarsretaiing to the patent <iocuinenis dted In tho above-mentioned European search report. 
iYm memtwrs are as contained in the &iiopean Patent office EQP file <x» 

The European Patent Offica ia in no way eafale inr these partfcutars which are merely 0ven Ear the purpose of inlOnnatton. 

28-05-1999 



Patent document 
cited in eeaich ispoit 


PUWication 
rtate 


Patent JamHy 
memher(s) 


Publlcalion 
data 


FR 2744446 A 


08-08-1997 


EP 


0820439 


A • 


28-01-1998 






WO 


9729086 


A 


14-08-1997 






JP 


11503470 


r 


26-03-1999 



For more detolta about this annex : see Ofticia] journal ol the European Pateni Office, No. 1 2/B2 



14 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are acciirate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

^ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

Q BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



